Climatic and Hydrologic Aspects
of the 1988-1992 Drought
and the Effect on People and Resources
of North Dakota

North Dakota State Water Commission
Water Resources Investigation 29

Prepared by the
U.S. GEOLOGICAL SURVEY
in cooperation with the
NORTH DAKOTA STATE WATER COMMISSION




The cover:
North Dakota Vegetation Condition
June 13, 1988

EROS Data Center
National Mapping Division
U.S. Geological Survey
Sioux Falls, SD




CLIMATIC AND HYDROLOGIC ASPECTS
OF THE 1988-92 DROUGHT AND THE
EFFECT ON PEOPLE AND RESOURCES
OF NORTH DAKOTA

By Tara Williams-Sether, Kathleen M. Macek-Rowland, and
Douglas G. Emerson

NORTH DAKOTA STATE WATER COMMISSION
Water Resources Investigation 29

Prepared by the .

U.S. GEOLOGICAL SURVEY

in cooperation with the

NORTH DAKOTA STATE WATER COMMISSION

Bismarck, North Dakota
1994



CONTENTS

INIPOQUCHION .....ceceerecenissssssnsnsssssssssasssssessssasansases RS A AR E AR R s AT o ey yaasnreansdh sansarsesaenvasssacnrenns 2
Definitions and ramifications of drought ..........cveeeeeerveceniinnniannns .2
Climatic and hydrologic aspects of the 1988-92 droUghL .........cccverirsisisieicsnssssnsesmmecssusssessnssssnsasssssisssssnsnesssssassssassas 3
Effect of the 1988-92 drought on people and TESOUITES ......ccevrerermrssrssrssssrssssmsssssessasssasssessssssssessssrssnsassnsssssssssssssane 19
Municipal and rural water supplies.............. sesaRTE AP RS S S SRASERAREERERERTS OSSO OSO SO SOORISS RS A R OS S0 SR SR PSR P 24
Trrigation and agriCulture ............vvvrseecesenseencnecs R A B AU S IS S s A e 26
LAVESIOCK ......cecevesseercreseserencassnsenassossssssssesssssssssressssnsassassssessssssssssosssssssassesssosossaessasisssssssssssssssnassatssanasassansnsssnsrios 29
FiIe ..cueeeeeececrreessenesenssssssssneanseens O T — 30
Recreation A RSO reesrensansnanssesenssenns 31
FiSh ANA WILALILE ......c0ocveiesiesersseiossersisesessassasssessssesasosssssssssssssssssssssasassassssanssssesssassesasss sarvasssssssassssnasassassnssssasssssssss 33
Comparison of the 1988-92 drought to previous droughLs ... evccimimnmiisicssmnism s 35
Summary ... 3 R A S e ST S s s e ey ag s onomensanss snnsavaanassonmnmnnsdainni 64 LR RAFFHHHHS 48
SC1ECtEd TEIETENICES . ..curemreererecrenssorsrsssessassssssssssssrsssssasssssassssassssssatsrasnsasnsossesssssss reveraeasesesasasesass et ssaesasasnae seras e en 51
Appendix ¢rseyensexa e gpesvuem anmeasevevewonmraensh AL A SR B R OSSN A S R AT o 55

ILLUSTRATIONS

Figure 1. Map showing location of climatic divisions, representative streamflow-gaging

stations, and ground-water wells in North Dakota .......... .4
2. Graphs showing departure from normal monthly precipitation during 1980-92 for each

climatic division in NOTh DAKOLA ......cccoienseerisusssrcensessisesuesnssssisrensonsnsssssssassasnssssssssssssssssssasssssssosss 5
3. Graphs showing departure from normal annual precipitation durmg 1986-92 for each

climatic division in NOIH DAKOU .......ccccccercmnsisisnassrissnsssssssesisesssnsissssssssassinsnsensssnssssasnsssansossssssssersassseres 9
4. Graphs showing rank of 1986-92 annual precipitation from 1895 through 1992 for each

climatic division in North Dakota (1 indicates driest year, 98 indicates Wettest YEar)......ccvuereureesesssass 10
5. Graphs showing departure from normal for average summer (June-August) temperatures

from 1895 through 1992 for each climatic division in North Dakota.........c.couuiviviiinininicnissninesesinnes 11

6. Graphs showing rank of 1986-92 average summer (June-August) temperatures from
1895 through 1992 for each climatic division in North Dakota (1 indicates warmest

summer, 98 indicates coolest summer) e smonemra e e AR RSO ROR VRS ERSR R A S R BES NES 14
7. Box and whisker plots of streamflows at selected gaging stations in North Dakota .............................. 15
8. Graphs showing percentage of years in period of record in which consecutive days

of no flow occurred at selected streamflow-gaging stations in North Dakota.......cccveeernnnrernnsnessconsenss 16

9. Hydrographs showing ground-water levels in selected wells during 1970-92 for
northwest, north-central, northeast, west-central, central, and east-central climatic

AivISIONS 11 NOTEN DAKOLA....eveeererrsrersesereressassensressssssessastsssssassssssssasassonsssesssserassnsnsssansssssssnnssasasssssssssssssns 21
10. Hydrographs showing ground-water levels in selected wells during 1970-92 for

southwest and southeast climatic divisions in NOrth DaKOta .........coeeeerererenniesesnesisnsnesessssesnicssssrsassosess 22
11. Schematic showing drought mitigation organizational chart. (Modified from North

Dakota Division of Emergency Management, 1989a.) ........ccccounimenivininricnenncsssinisisssensismsississesinssans 23
12. Graph showing number of acres irrigated in North Dakota during 1977-92........evevumerrmreemnsersssssennsns 27
13. Graph showing volume of water used for irrigation in North Dakota during 1977-92.......ccvcureenvenns 27
14. Graphs showing accumulated departure from mean monthly precipitation for a

3-year period for each climatic division in NOrth DAKOUA. ..ot snisssssssenssssasens 38
15. Graphs showing Palmer Drought Severity Index for each climatic division in North Dakota ........ccecs 39
16. Graphs showing accumulated departure from mean monthty flow for six

representative streamflow-gaging stations in North DaKOta.......cemnmismnmsssnssemsssstsssimssnissssmes 43



ILLUSTRATIONS, Continued

Figure 17. Graphs showing average annual streamflows for selected gaging stations in North

Dakota during water years of the 1930’s and water years from 1988 through 1992...............cc.o..
18. Hydrograph showing water levels of Devils Lake, North Dakota, 1867-1992..........ccoeevovveuererevane

TABLES

Table 1. Percentage of time no flow occurred at selected streamflow-gaging stations in North

Dakota during the 1988-92 drought .........cvieiiireceecrenrcrresssennienssenmsenmsssenssssssssssesssssassssesessssss

2. Maximum number of consecutive days no flow occurred at selected streamflow-gaging

stations in North Dakota during the 1988-92 drought...........ccocevrerrrrereeerrereensrrese s s senesnesesersescens

3. Natural and man-induced effects of drought on ground-water levels in selected wells

I NOTEH DAKOLA .....eoreeerrecereneirienreeessnesiecsssesese svessssseonsensesss sans sosesesssesssensssassons st sessssessntssnnvansansesasases

4. Selected cities and towns in North Dakota where municipal water supplies were

affected by the ArONEIL.....cmmasimmimiimmimsmami st isiorsivesesiresessssssssssassssesesssassrasesrs
5. Actions to be taken during normal, very high, and extreme fire danger index ratings ...........ccceenee.

6. Number of North Dakota fishing licenses issued to residents and nonresidents from

TOBT 00 1992 i uucassssissuns swvssunss sosmssn e ss ossiss s 635 5588 45033585434 4850038 5044344485043 458 454 45900 B e memenm
. The 10 driest years from 1895 through 1992 for each climatic division in North Dakota................

o0

. The 10 warmest summers (June-August average) from 1895 through 1992 for each

climatic division in NOTEE DAKOUA .....civevereressereassnssessssessessessesssssesssssensosssssssenessasssesssssessesessasssassasnanss

9. Number of months during each major drought that were classified as extreme
(Palmer DroughtSeverity Index less than or equal to -4.0) for each climatic

AiviSION iN INOTth DAKOLA ....cvveereevreermnrecenniiesisnsesnesstensensoss sosessssssonssssesssssss sesenssessassssssasasnsnss sosssssanes

10. Recurrence intervals for each major drought at six representative streamflow-gaging

STAHONS 1N INOTTH DAKOLA.........oiveeirieeieiiere e it setesesesesesesseensesessssssonesesnseseensenssasnssssssessensesnsssasmensesses

CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATED WATER-QUALITY UNITS

Multiply ’ By To obtain
acre 0.4047 hectare
acre-foot (acre-ft) 1,233 cubic meter
bushel per acre 0.0870743 cubic meter per hectare
cubic foot per second 0.02832 cubic meter per second
degree Fahrenheit ! degree Celsius
foot 0.3048 meter
gallon 3.785 liter
inch 254 millimeter
mile 1.609 kilometer
square mile 2.590 square kilometer

YTemp °C = (temp °F-32)/1.8.

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived

from a general adjustment of the first-order level nets of both the United States and Canada, formerly called Sea Level Datum of 1929.

Milligrams per liter (mg/L) s a unit expressing the concentration of a chemical constituent in solution as weight (milligrams) of solute per unit

volume (liter) of water; 1 mg/L equals 1,000 pug/L..



Climatic and Hydrologic Aspects of the 1988-92
Drought and the Effect on People and Resources of
North Dakota

By Tara Williams-Sether, Kathleen M. Macek-Rowland, and Douglas G. Emerson

Abstract

The severity of the 1988-92 drought in North Dakota was described by documenting the
drought as a climatic and hydrologic event, documenting the effect of the drought on people and
resources, and comparing the drought to previous droughts. Annual precipitation and average
summer (June-August) temperatures for the nine climatic divisions in North Dakota were ranked
for the 98-year period from 1895 through 1992. A rank of one indicates the driest year or the
warmest summer of the 98-year period, and a rank of 98 indicates the wettest year or the coolest
summer. During the more intense period (1988-90) of the 1988-92 drought, the rank of annual
precipitation for all nine climatic divisions ranged from 2 to 54, and the rank of average summer
temperatures ranged from 1 to 42. Many streams in North Dakota had record low flows, and
ground-water levels also were affected. Municipal and rural water supplies were affected, the
number of acres irrigated increased, crop yields decreased, the number of head of livestock
generally decreased, the fire danger increased, recreation was affected, and fish and wildlife were
affected. Indices such as the Palmer Drought Severity Index, drought recurrence intervals, and
Devils Lake water levels were used to compare the 1988-92 drought to previous droughts. The
number of months during the 1930’s to early 1940’s drought that were classified as extreme
(Palmer Drought Severity Index values less than or equal to -4.0) ranged from 33 to 59, the
number of months during the 1950’s to early 1960’s drought ranged from 1 to 32, the number of
months during the mid- to late 1970’s and early 1980’s drought ranged from 7 to 18, and the
number of months during the 1988-92 drought ranged from 14 to 48. Recurrence intervals for the
1930’s to early 1940’s drought ranged from 25 to 74 years, recurrence intervals for the 1950°s to
early 1960’s drought ranged from 26 to 50 years, recurrence intervals for the mid- to late 1970’s
and early 1980’s drought ranged from 5 to 58 years, and recurrence intervals for the 1988-92
drought ranged from 19 to 54 years. Precipitation records, streamflow records, the Palmer
Drought Severity Index, and Devils Lake water levels indicate that the most severe droughts to
have occurred in North Dakota for which records are available occurred during the 1930’s to early
1940’s, the 1950’s to early 1960’s, and 1988-92. The severity of the late 1980’s to early 1990’s
drought was greater than that of the 1950’s to early 1960’s drought. The 1988-92 drought was the
second most severe drought since 1930.



INTRODUCTION

.The United States and other parts of the world are afflicted intermittently by droughts. A drought is
primarily a natural event, but human activities can significantly affect the severity of a drought. A severe
drought occurred in North Dakota in 1988-92. Because local, State, and Federal water-resource managers
need up-to-date information to evaluate and manage current and future programs during hydrologic
extremes, it is necessary to describe the severity of the 1988-92 drought and the effect on people and
resources of North Dakota.

This report, which was prepared by the U.S. Geological Survey in cooperation with the North Dakota
State Water Commission, describes the severity of the 1988-92 drought in North Dakota by documenting
the drought as a climatic and hydrologic event, documenting the effect of the drought on people and
resources, and comparing the drought to previous droughts. Selected information that relates to the
drought in North Dakota is presented in this report; further information can be obtained from publications
cited in the Selected References section.

DEFINITIONS AND RAMIFICATIONS OF DROUGHT

The definition of drought varies on the basis of the situation or area for which drought is being defined.
Definitions of drought are given by Nace and Pluhowski (1965), Palmer (1965), Hershfield and others
(1973), World Meteorological Organization (1975), Matthai (1979), Rosenberg (1980), and Ripley (1988).
A simple definition of drought is a period of water shortage. However, a period of water shortage can
range from a few days or weeks for some crops to a few years for large reservoirs or ground-water
aquifers. Similarly, the water shortage can range from as little as an inch of precipitation for shallow root
crops to as much as several feet of precipitation for water supplies that rely on streamflow or ground water.
Unlike the effects of other weather-related hazards, such as floods, the effect of a drought can develop
slowly.

A drought is the result of many natural and human factors that affect the environment. Matthai (1979,
p. 5) stated that

“Among the natural factors are the climate of the area; antecedent conditions as exemplified by the
amounts of soil moisture, rain, and snow; the distribution of rain and snow in time and space; water-
table levels during the drought; water quality; and soil type. Human factors include the degree of
development of water storage and distribution systems; the number, location, and depths of wells;
the patterns of water use and per capita consumption; the legal aspects relating to propenrty rights,
project operating rules, water-quality standards, and service contracts; economic considerations;
and many more. Therefore, a definition of a drought must be tailored to the conditions in an area at
a given time.”

The World Meteorological Organization identified five general types of drought (Subrahmanyam,
1967):

1. Meteorologic drought--defined only in terms of precipitation deficiencies, in absolute amounts, for
a given period.

2. Climatological drought--defined in terms of precipitation deficiencies, in percentages of normal
values.



3. Atmospheric drought--defined not only in terms of precipitation deficiencies but possibly in terms
of temperature, humidity, or windspeed.

4. Agricultural drought--defined principally in terms of soil moisture and plant behavior.

5. Hydrologic drought--defined in terms of reduction of streamflow, reduction in lake or reservoir
storage, and lowering of ground-water levels.

An additional type of drought, the water-management drought, was added by Matthai (1979) to
characterize water-supply shortages caused by the failure of water-management practices or facilities, such
as an integrated water-supply system and surface or subsurface storage, to bridge normal or abnormal dry
periods and equalize the water supply throughout the year. In general, drought can be defined as an
interval of time, generally in months or years, when the water supply at a given location is consistently
short of the expected climatic and hydrologic norm. In this report, the term drought generally refers to a
climatic and hydrologic drought.

A drought can only be described fully by the depiction of its numerous climatic and hydrologic
elements. Therefore, indices have been developed to simplify and present the climatic and hydrologic
information and to characterize a drought spatially and temporally as to its intensity, duration, and severity.
Each of the indices has a different description of water shortage. Some commonly used indices are
departure from normal precipitation, departure from normal temperature, the Palmer Drought Severity
Index, accumulated departure from normal streamflow, low-streamflow frequency, changes in water
storage, ground-water levels and rates of decline, and lake levels. Redmond (1991) reviewed the desirable
properties of indices and stated that

“It is important to remember that one index cannot describe everything about the original data.
Indices are intended to serve as approximations to real-world phenomena. Decisions regarding
which information to retain and incorporate into the index are governed by the way the index is
expected to be used. This point should aiways be borne in mind when using any summarized
quantity.”

The indices used in this report are departure from normal precipitation, departure from normal
temperature, the Palmer Drought Severity Index, accumulated departure from normal streamflow, ground-
water levels, and lake levels.

CLIMATIC AND HYDROLOGIC ASPECTS OF THE 1988-92 DROUGHT

Serious drought conditions occurred in North Dakota during the 1930’s to early 1940’s, the 1950’s to
early 1960’s, the mid- to late 1970’s, the early 1980’s, and the late 1980’s to early 1990’s. The most recent
drought (1988-92) in North Dakota actually began during the later half of 1987. However, the drought was
not considered serious until 1988 when low soil moisture, crop stress and failure, and diminishing water
supplies were noticed.

North Dakota is divided into nine National Climatic Data Center climatic divisions (fig. 1).
Precipitation generally was greater than normal throughout North Dakota during 1986 and during the early
months of 1987. Normal precipitation is defined as the average from 1895 through 1992. In general,
negative departures from normal monthly precipitation began in July and August 1987 and continued
through 1992 for all nine climatic divisions (fig. 2). Precipitation was greater than normal for several
months during 1988-92, particularly during 1991, but total precipitation during 1988-92 was much less
than normal. The departures from normal annual precipitation during 1986-92 for the nine climatic
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divisions are shown in figure 3. Annual precipitation ranged from 52 percent greater than normal to

44 percent less than normal during 1986-92. The two largest negative departures from normal annual
precipitation for the northwest, northeast, and east-central climatic divisions occurred during 1988 and
1989; the two largest negative departures for the north-central, west-central, and central climatic divisions
occurred during 1988 and 1992; the two largest negative departures for the southwest and south-central
climatic divisions occurred during 1988 and 1990; and the two largest negative departures for the southeast
climatic division occurred during 1987 and 1988.

Annual precipitation for all nine climatic divisions in North Dakota was ranked for the 98-year period
from 1895 through 1992. The rank of 1986-92 annual precipitation is shown in figure 4. A rank of one
indicates the driest year of the 98-year period, and a rank of 98 indicates the wettest year. Ranks for all
nine climatic divisions during 1988-92 ranged from 2 to 96. In 1988, the central climatic division had the
second driest year of the 98-year period; and, in 1986, the south-central and southeast climatic divisions
each had the wettest year.

The departure from normal for average summer (June-August) temperatures from 1895 through 1992
for each climatic division is shown in figure 5. Except during 1992, average summer temperatures were
greater than normal during 1988-92. The largest departure from normal for average summer temperature
occurred during 1988 for the northwest, north-central, northeast, west-central, and central climatic
divisions. The second largest departure from normal occurred during 1988 for the east-central, southwest,
south-central, and southeast climatic divisions.

The average summer (June-August) temperature for all nine climatic divisions in North Dakota also
was ranked for the 98-year period from 1895 through 1992. The rank of 1986-92 average summer
temperatures is shown in figure 6. A rank of one indicates the warmest summer of the 98-year period, and
a rank of 98 indicates the coolest summer. Ranks for all nine climatic divisions during 1988-92 ranged
from 1 to 97. In 1988, the northwest, north-central, northeast, west-central, and central climatic divisions
had the warmest summer of the 98-year period, and the east-central, southwest, south-central, and
southeast climatic divisions had the second warmest summer. One of the coolest summers of the 98-year
period occurred in 1992 in all nine climatic divisions.

Runoff in North Dakota is dependent largely on climatic conditions, such as rainfall, snowfall, and
temperature, and edaphic conditions, such as soil moisture and land use. Because of the variability in
climatic and edaphic conditions, runoff can be greater than normal one year and nonexistent the next.
Streamflow-gaging stations (fig. 1) that represent various drainage areas and record lengths are used to
demonstrate the spatial and temporal effect of the 1988-92 drought.

During the 1988-92 drought, many streams in North Dakota had record low flows or ceased to flow
entirely. Streamflows at 12 representative gaging stations throughout North Dakota are shown in figure 7.
Streamflow at most of the gaging stations during 1988-92 was at or below the 25th percentile. Some
streams, however, had normal or greater-than-normal flow during the 1988-92 drought. Streamflow at the
Red River of the North at Fargo, N. Dak., gaging station (05054000), the Goose River at Hillsboro,

N. Dak., gaging station (05066500), the Park River at Grafton, N. Dak., gaging station (05090000), the
Pembina River at Neche, N. Dak., gaging station (05100000), the Willow Creek near Willow City,

N. Dak., gaging station (05123400), and the Maple River at North Dakota-South Dakota State line gaging
station (06471200) was at or above the 50th percentile for one or more of the years during 1988-92.

The percentage of years in the period of record in which consecutive days of no flow occurred at
selected streamflow-gaging stations is shown in figure 8. Some streams have no flow very few days, and
others have no flow more than 50 percent of the time during the period of record. The variability in
occurrence of no-flow conditions among streams, particularly for the larger number of consecutive days, is
largely because of varying base-flow contributions. For example, the Sheyenne River near Warwick,

8
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wettest year).
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climatic division in North Dakota.
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climatic division in North Dakota--Continued.
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Figure 5. Depanure from normal for average summer (June-August) temperatures from 1895 through 1992 for each
climatic division in North Dakota—Continued.
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Figure 8. Percentage of years in period of record in which consecutive days of no flow occurred at selected
streamflow-gaging stations in North Dakota.
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streamflow-gaging stations in North Dakota--Continued.
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N. Dak., gaging station (05056000) did not have 60 consecutive days of no flow, but the Willow Creek
near Willow City, N. Dak., gaging station (05123400) had 60 consecutive days of no flow for 31 of the

35 years of record. Base-flow conditions on the Sheyenne River contribute more to sustaining low flow
than base-flow conditions on Willow Creek. The percentage of time no flow occurred at the selected
streamflow-gaging stations during the 1988-92 drought ranged from zero to 100 percent (table 1). The
maximum number of consecutive days no flow occurred at the selected streamflow-gaging stations during
the 1988-92 drought ranged from zero to 366 days (table 2). Most periods of no flow shown in figure 8
occurred during major drought years although no flow may occur during wet years as well as during
drought years. Some small streams, such as Willow Creek, Pipestem Creek, and Maple River, had periods
of no flow throughout the entire period of record, including during known wet years, and some large
streams, such as the Red River of the North at Fargo, had no flow during drought years. The Red River of
the North at Fargo had periods of no flow during the 1930’s. Although regulation began during the 1950’s,
periods of no flow also occurred during 1976-77. -

Table 1. Percantage of time no flow occurred at selected streamflow-gaging stations in North Dakota
during the 1988-92 drought

Streamflow-gaging station 1988 1989 1990 1991 1992
05054000, Red River of the North at Fargo, North Dakota 0 0 0 0 0
05056000, Sheyenne River near Warwick, North Dakota 0 0 0 0 0
05066500, Goose River at Hillsboro, North Dakota 2 13 30 18 10
05090000, Park River at Grafton, North Dakota . 23 35 67 42 23
05100000, Pembina River at Neche, North Dakota 0 50 25 14 0
05123400, Willow Creek near Willow City, North Dakota 83 82 99 96 76
06339100, Knife River at Manning, North Dakota 32 17 32 24 29
06344600, Green River near New Hradec, North Dakota 26 4 8 11 18
06349500, Apple Creek near Menoken, North Dakota 0 0 0 0 0
06354000, Cannonball River at Breien, North Dakota 0 4 3 6 0
06469400, Pipestem Creek near Pingree, North Dakota 46 32 49 62 31
06471200, Maple River at North Dakota-South Dakota State line 100 74 100 74 88

The effects of the drought on ground-water levels in North Dakota varied during 1988-92. Natural
and man-induced effects on ground-water levels in selected wells (fig. 1) are given in table 3 and shown in
figures 9 and 10. In areas of no significant pumping, confined aquifers generally show a lack of response
to climate variability (129-073-01CCC, fig. 10), and unconfined aquifers generally show rapid response
and greater variability (132-057-07BBB2, fig. 10). Unconfined aquifers often show rapid water-level
declines at the beginning of a drought because the amount of recharge is small and the amount of
evapotranspiration can be very large (157-071-14CDC, fig. 9). However, as water levels decline, the
amount of evapotranspiration is sharply reduced and water levels decline very slowly (162-056-01CCC2,
fig. 9). The greatest effect of drought on ground-water levels occurs in areas of significant pumping. In
well 147-061-01CCC (fig. 9), seasonal changes were caused by increased water usage in 1988 and 1989.
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